A procedure is described for the routine laboratory diagnosis of viral serum antibodies. Antigens are dotted on nitrocellulose strips or sheets, and sera are applied on absorbent paper strips. Antigen-antibody complexes are detected with enzyme-conjugated antiglobulin and development of a colored, insoluble substrate product. The test allows processing of multiple sera in one 3-to 5-h operation and is equal to or more sensitive than serum neutralization, hemagglutination inhibition, and fluorescent antibody assays. Highly infectious viruses inactivated with a psoralen derivative and long-wavelength UV light irradiation can be used as antigens, allowing the study of human pathogens. Although the test detects cross-reacting, group-specific herpesvirus antigens, the intensity of the antibody reaction is greatest with type-specific antigens. Preliminary data suggest that the technique will be useful for the rapid typing of viruses from clinical specimens.
There is a continuous need for more rapid, sensitive, and specific procedures for the diagnosis of viral diseases. This need stems from the realization that a definitive diagnosis is helpful in appropriate patient management and in evaluating the use of newer therapeutic regimens now available. Proper viral diagnosis is not only important in human medicine but is also necessary in animal colony management, especially where experimental animals are maintained and the control of infectious diseases is mandatory.
Although there are a number of procedures that provide valuable diagnostic information, many are deficient for one or another reason. In general, the important factors are time involved in obtaining results and specificity and sensitivity of the assay. In addition, reagents which are difficult or costly to prepare and the need for specialized equipment (frequently an important consideration for field studies) often make these procedures the venue of specialty laboratories or impractical for routine purposes. The use of radioisotopes in some procedures also presents problems of handling wastes and the cost of equipment needed in such assays (3, 15) . Another concern is the use of infectious viral antigens in serological assays; tests which permit the use of inactivated antigens would be more desirable.
Enzyme-linked immunosorbent assays have become a standard for the rapid detection of viral antigens and antibodies and, as now performed, can meet most of the criteria described. However, these assays generally use polystyrene or other materials which have a rather low binding capacity for proteins. The use of nitrocellulose for the detection of proteins in a polyacrylamide gel following electrophoresis by the Western blot technique has demonstrated the superior binding capacity of this substrate (16) . Recently, this property has been exploited by several laboratories to dot crude viral antigens directly on nitrocellulose for in situ visualization of antigen-antibody complexes with enzyme-linked antiglobulins and a substrate which forms an insoluble, colored end product (1, 6) . This approach has been used by us for the routine assay of viral antibodies in human and * Corresponding author. nonhuman primate sera, as well as for the identification of unknown viral antigens in culture fluids.
By using viral antigens dotted on nitrocellulose sheets, we developed a simple enzyme-linked immunoassay (dotimmunobinding assay [DIA] ) for the rapid detection of viral antibodies without the need for containment or other special equipment. Antigens associated with viruses (herpesvirus simiae and herpes simplex virus) considered to be highly pathogenic for humans were inactivated with a psoralen derivative and long-wavelength UV light irradiation.
MATERIALS AND METHODS Viral antigens. Cell cultures for virus production were grown in modified Eagle medium (DM 313; KC Biologicals, Lenexa, Kans.) containing 10% fetal bovine serum and 50 ,ug of gentamicin per ml. Herpes simplex virus type 1 (Mayo) (HSV-1), herpes simplex virus type 2 (MS) (HSV-2), herpesvirus simiae (E2490) (HBV), herpesvirus tamarinus (MV5-4PSL) (HT), and SA8 (B264) were retrieved from the National Institutes of Health and World Health Organization Collaborating Center for Reference and Research in Simian Viruses repository (10, 11) and grown in Vero cells in medium without fetal bovine serum. Herpesvirus saimiri was grown in owl monkey kidney cells with medium containing 10% fetal bovine serum. Simian rotavirus SAl1 was grown in MA104 cells in medium containing 0.5 ,ug of trypsin IX (Sigma Chemical Co., St. Louis, Mo.) per ml without FBS. Infected cultures were harvested when cytopathology involved the entire cell sheet. The cultures were frozen and thawed three times and clarified by low-speed centrifugation (2,000 rpm, 30 min). HSV-1, HSV-2, HBV, HT, and SA8 were used without further purification. Herpesvirus saimiri and SA 1 virus were centrifuged through a 20%/60% discontinuous sucrose gradient for 2 h at 27,000 rpm in an SW27 rotor (Beckman Instruments, Inc., Fullerton, Calif.). The Table 1 ) had been submitted for diagnostic purposes and have been stored at -20°C for reference. The sera were diluted 1:3 as an initial dilution in other serological assays and were used at that dilution in the DIA.
SN, HI, and FA assays. The procedures used for the serum neutralization (SN), hemagglutination inhibition (HI), and fluorescent antibody (FA) assays have been described previously (2, 7, 9) . DIA. The procedure described by Hawkes et al. (6) N.H.) were cut to the desired size and marked with ink to identify antigen-dotting sites, or the NC was purchased with an imprinted 3-mm grid (BA85/21 SD). Generally, sheets (8 by 11 cm) with 96 antigen dots 1 cm apart or gridded sheets (8.8 by 8.8 cm) with dots every third grid (81 per sheet) were used. The sheets with grids proved to be more convenient to use. One-microliter samples of virus and control antigens were spotted on the NC with a syringe (The Hamilton Co., Reno, Nev.). After 0.5 h at room temperature to allow the antigen to dry, the NC sheet was submerged in 5% nonfat dry milk in PBS containing 0.01% Antifoam A (Sigma) and 0.0001% merthiolate to block the unreacted protein-binding sites. The blocking procedure could be extended overnight.
Other blocking agents such as horse, goat, or bovine serum have been used, but this milk preparation (BLOTTO) was found to be most effective (3) . After 1 h at room temperature, the BLOTTO was rinsed off with PBS-Tween 20 (0.1%; Sigma). The (13) . Following 1 h of incubation at 37°C, the sheet was washed three times for 5 min in PBS-Tween 20 and submerged in substrate. The substrate used for the alkaline phosphatase conjugate was naphthol AS-MX phosphate with fast red (1). This produced a red spot at the site of antigenantibody reaction. The substrate for horseradish peroxidase was 4-chloro-1-naphthol-hydrogen peroxide, yielding a blue spot (6) . In both instances, the intensity of color was directly related to the amount of conjugate fixed to the antigenantibody complex. The avidin-biotin-glucose oxidase system (Vectastain ABC kit; Vector Laboratories, Inc., Burlingame, Calif.) was also used successfully in the DIA. The substrate was allowed to react until color development on positive controls was adequate (5 to 15 min at room temperature). The substrate was then washed off with tap water, and the NC was allowed to dry before visual interpretation. Washing had to be thorough; otherwise, the enzymesubstrate reaction continued during drying, and nonspecific staining occurred.
Controls consisted of uninfected cell culture antigens and known positive and negative sera. A positive reaction was a detectable colored spot with an intensity greater than those of the cell control and negative sera. Control dots were generally negative or barely perceptible.
RESULTS
Four members of the Alphaherpesvirinae subfamily (11), a CMV (Betaherpesvirinae), herpesvirus saimiri (Gammaherpesvirinae), measles virus, and simian rotavirus SAll were used in the DIA in a comparative study of related viruses and to indicate the versatility of the test for use with various types of virus. (Fig. 1) . Negative sera reacted with none of the antigens. Positive New World squirrel monkey sera reacted only with HIT antigens. Therefore, the Old World species, including humans, showed a group-specific reaction with a degree of specificity indicated by the intensity of the reaction. New World squirrel monkey sera failed to react with the groupspecific antigens common to herpesviruses of Old World primates.
Sensitivity of the DIA. When rhesus monkey sera were titrated to an endpoint for SN and DIA antibody against HBV and HSV-1, several points were noted ( No attempt was made to determine the minimum number of viral particles required for detection, but as little as 103 infectious doses of virus was detected in this system when virus dilutions were dotted. Although preliminary in nature, these studies suggest that the DIA can be used as a sensitive assay for identifying unknown viral isolates and possibly for detecting specific viral antigens in clinical specimens. The use of monoclonal antibodies should improve the specificity of this test, if not the sensitivity.
Other parameters of the DIA. The procedure described by Hawkes et al. (6) differs from that reported here principally on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from in our use of paper disks or strips to apply test sera to antigen dots. This allows the testing of multiple sera on a single piece of NC. A major concern in using this technique was the potential for running or diffusing of sera from one serum to another, causing false-positive results. Although this was observed when sera were dropped directly onto antigens, a spread beyond the edge of the paper strips of more than 2 mm was not detected when antigen dots were spaced 3 mm apart. Therefore, with a distance of 6 mm between strips, no mixing of sera occurs. As observed by Hawkes et al. (6) , binding of antigen to NC appears to be instantaneous. This is indicated by the size of the antigen dot, which never exceeds the limit of the 3-mm grid, even though a 1-,ul drop wets an area larger than this. For this reason, increasing the volume of antigen applied in a dot does not proportionately increase the intensity of the observed color reaction. Instead a larger dot of similar intensity occurs. It is better to apply multiple small drops of antigen with drying between applications.
Once the antigen was dried on the NC sheet, it was quite stable. Dry sheets stored in sealed plastic bags at room temperature showed very little loss in activity after a month. Storage at refrigerator or freezer temperatures increased this shelf life. NC sheets should be thoroughly dried before refrigerator or room temperature storage to discourage growth of molds, This occjirred despite the presence of merthiolate in the BLOTTO. DISCUSSION
The diagnosis of viral infections requires the use of rapid, sensitive assays if they are to be of value in the detection or treatment of disease. Ideally, the test should be useful in the smallest laboratory, where sophisticated equipment and highly trained technical support may not be available, or for field conditions. In addition, it should be useful for antibody determinations as well as for the early detection of viral antigens in clinical specimens. The DIA described here with NC as a substrate for antigen adsorption can be completed in 3 to 5 h and allows the testing of one or many sera at a time by simply cutting the NC sheet to accommodate the desired number of antigen dots. This can be done before or after antigen application.
For antibody detection, the antigens used have been relatively crude virus preparations for the most part, consisting of clarified culture media or commercially prepared HI and complement fixation antigens. However, in this study herpesvirus saimiri and SAl antigens were partially purified and concentrated. Although crude preparations of these viruses were used successfully in preliminary trials, concentration enhanced the sensitivity of the results with these viruses and may be required in the preparation of other antigens. Use of subvirion proteins would provide more specificity but would limit the availability of the test. In addition, sensitivity might be lost through failure to detect other pertinent antibodies.
Our results indicate that the DIA is a highly sensitive test. The somewhat lower correlation of SN and DIA results with rotavirus antigen cannot be explained, except that 5 of 6 SN-positive, DIA-negative sera had SN titers of 1:6 or lower. However, in detecting other antibodies, the DIA procedure generally indicated more positive results than did the SN test.
Although the sensitivity in herpesvirus antibody assay was almost 100%, specificity for HBV and HSV-1 in rhesus monkey sera was somewhat lower (89% The results of DIA testing of rhesus monkey and human sera for HBV and HSV-1 antibody are interesting in comparison with SN results. In a previous study, it was shown that monkey sera with SN titers of >1:6 for B virus generally had HSV-1 titers of equal or greater magnitude (8) . Human sera with IISV-1 antibody show little or no HBV antibody. In contrast, the DIA results always showed higher titers to HBV in monkey sera, and HSV-1-positive human sera always showed a reaction with HBV antigen, but the titers were lower than the homologous HSV-1 titers.
Whereas the specificity of the herpesvirus antibody assays was good in relation to detecting positive and negative sera, group-specific h,erpesvirus antigens were detected. However, subjective evaluation of the intensity of the colored enzyme produAt §uggests that the type-specific reaction is always the most intense. In this regard, DIA appears to be more specific than the SN test; however, HSV-1 and HSV-2 reactions have not been evaluated in human sera fro,m patients with authenticated infections. Diagnosis of mixed infections would require the use of type-specific antigens.
Although the detection of herpesvirus antibody in nonhuman primate sera is emphasized herein, preliminary studies with a number of other viral antigens (influenza, parainfluenza, adenovirus, rubella) indicate the utility of the DIA for the rapid screening of sera against any number of viral antigens. In these studies, we purchased commercial complement fixation and HI antigens, when possible, to determine the usefulness of these readily available antigens. Nonspecific reactions were sometimes observed with tissue controls, but these could be diluted out and still retain specific reactivity. Hawkes et al. also used commercially prepared antigens in their studies (6) . The successful use of these relatively crude preparations indicates the potential for the use of this test in most laboratories as a general serological diagnostic procedure.
Of practical importance is the stability of the viral antigens after drying on the NC membrane. The ability to maintain these sheets for long periods at ambient temperatures without significant lo'ss of activity indicates their utility for field studies. Dotting of clinical specimens on NC sheets or strips in the field may provide a method for in situ studies or transporting to the laboratory without loss of viral antigenicity.
The psoralen derivative trioxsalen 4'-aminomethyl hydrochloride monohydrate was selected for virus inactivation with long-wavelength UV, because previous studies have shown that there is little or no effect on the antigenicity of viruses treated in this manner (5, 12) .
At this point, the usefulness of DIA is primarily in the detection of viral antibodies. Preliminary studies indicate that unknown virus isolates can be identified with this procedure. In addition, the sensitivity of the procedure may allow the use of NC for recovery of viral antigens from clinical specimens. Concentration of the antigen might be accomplished by repeated application and drying or filtration of the specimen through NC membranes. This would be followed by application of known antisera for detection of specific antigens. A similar approach was suggested by Furuya et al. (4) Although interpretation of this test was visual and, therefore, subjective, we had little difficulty in detecting positive and hegative reactions. The test might be automated with a recording densitometer as shown by Furuya et al. (4), but we feel that the utility of this test for routine diagnosis lies in its simplicity and rapidity in obtaining a yes-no-type answer. Endpoint titrations can be performed but may not be necessary in a clinical laboratory setting. No attempt was made to relatV the intensity of the dot color to the history of the pertinent infection, since the necessary sera are not available at this time.
